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BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to an air compressor for 

generating compressed air used in a pneumatic tool such as a 
pneumatic nailing machine, and a method for controlling the 
air compressor. 

10 Background Art 

Generally, an air compressor used for pneumatic tool is 
configured so that a crankshaft of a compressor body is driven 
to rotate by a motor to reciprocate a piston in a cylinder in 
accordance with the rotation of the crankshaft to thereby 

15 compress air sucked in from an inlet valve. The compressed 
air generated in the compressor body is discharged from an outlet 
valve to an air tank through a pipe and reserved' in the tank. 
The pneumatic tool does its work such as nailing by using the 
compressed air reserved in the tank. 

20 The air compressor is often carried to a building site 

and used outdoors or is often used in a densely populated place . 
For this reason, the air compressor needs to be improved from 
various viewpoints. According to the present inventors' 
investigation into how the air compressor is actually used on 

25 the work site, users' demands and technical problems can be 
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collected into the following items, 
(1) Reduction of Noise 

Because the air compressor has a mechanism for converting 
the rotation of the motor into the reciprocating motion of the 
5 piston in the cylinder, it is unavoidable that considerable 
noise is produced when the motor is rotating. Furthermore, 
because the pneumatic tool such as a nailing machine using 
compressed air generated by the air compressor produces 
operating noise when the pneumatic tool is operating, the 

10 operating noise is combined with the air compressor' s own noise 
so that considerable noise is produced around the building site . 
Particularly when the air compressor is used in the earlymorning 
or after the evening in a densely populated place, there is 
a strong demand that the noise should be as low as possible. 

15 (2) Improvement in Power and Efficiency 

The place where the air compressor is used is not always 
in a sufficient electric power environment . The air compressor 
may be rather used in such an environment that it is impossible 
to keep a sufficiently high voltage because a long cord needs 

20 to be used for providing a power-supply voltage from another 
place, or in such an environment that a great deal of compressed 
air must be consumed because a large number of pneumatic tools 
need to be used simultaneously. 

For this reason, it may be impossible to produce a 

25 high-power output from the air compressor. If, for example, 
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a nailing machine is used in the condition that the output is 
insufficient, nailing is performed shallowly and there arises 
a problem that it is impossible to nail a workpiece sufficiently. 

Generally, 26 kg/cm 2 to 30 kg/cm 2 of air are reserved in 
5 the air tank of the air compressor. It is unavoidable that 
the air leaks little by little when there is no tool used. There 
is another problem that lowering of efficiency may be brought 
about in accordance with how to use the air compressor. 
(3) Improvement in Size Reduction and Portability 

10 It is rare that the air compressor for pneumatic tool 

is used as a stationary type compressor. In most cases, the 
air compressor is of a portable type, so that the air compressor 
is used after carried to a building site. Therefore, the air 
compressor needs to be as small in size as possible and as 

15 excellent in portability as possible. Accordingly, 

complicating the configuration of the compressed air generation 
portion and the drive portion for driving the compressed air 
generation portion must be avoided to the utmost in order not 
to spoil portability. 

20 (4) Prolongation of Life 

There is a problem that the life of the air compressor 
used for pneumatic tool is shorter than the life of a compressor 
used for refrigerator, air-conditioner, etc. Although it is 
unavoidable in one aspect that the air compressor is short-lived 

25 because the air compressor is used in a harsh environment, 
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suppression of change in load to the utmost or suppression of 
generation of wasteful compressed air to the utmost is required 
for attaining prolongation of the life. 
(5) Suppression of Increase in Temperature 
5 It is unavoidable that the temperature of the air 

compressor becomes considerably high because of the 
reciprocating motion of the piston in the cylinder and the 
electric current flowing in the motor for driving the piston. 
The high temperature of the air compressor, however, causes 
10 increase in loss and disturbance of efficiency. Therefore, 
suppression of increase in temperature of the air compressor 
to the utmost is required eagerly. 

SUMMARY OF THE INVENTION 

15 An object of the invention is to provide an air compressor 

and a controlling method thereof to solve the problems described 
above, specifically (1), (2) and (5). 

To achieve the foregoing object, the invention provides 
an air compressor including a tank portion for reserving 

20 compressed air used in a pneumatic tool/ a compressed air 
generation portion for generating compressed air and supplying 
the compressed air to the tank portion, a drive portion having 
a motor for driving the compressed air generation portion, and 
a control circuit portion for controlling the drive portion, 

25 wherein: the air compressor further includes a pressure sensor 
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for detecting pressure of the compressed air reserved in the 
tank portion; and the control circuit portion includes a unit 
for controlling the rotational speed of the motor 
multistageously on the basis of a detection signal output from 
5 the pressure sensor. 

When the rotational speed of the motor is controlled 
multistageously in this manner according to the tank pressure, 
the state of load can be predicted so that compressed air can 
be generated efficiently. Shortage of power can be prevented 

10 even in the case where a large amount of air is used. The 
rotational speed can be reduced to achieve a low-noise operation 
when a small amount of air is used. 

In the invention, the control circuit portion may 
calculate internal pressure P of the tank portion on the basis 

15 of a detection signal output from the pressure sensor, calculate 
the rate AP/AT of pressure change AP to predetermined time AT 
and decide the rotational speed of the motor on the basis of 
at least one of the pressure P and the rate AP/AT of pressure 
change . 

20 In this configuration, the amount of air to be used can 

be predicted more delicately, so that the power-improving and 
noise-reducing effect can be improved more greatly. 

In the invention, the control circuit portion may further 
include a memory for storing information indicating relations 

25 among the pressure P of the tank portion, the rate AP/AT of 
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pressure change and the rotational speed of the motor, so that 
the rotational speedof themotor is decidedbymeans of searching 
the memory. 

In this configuration, the rotational speed can be 
5 controlled more easily. 

In the invention, the rotational speed of the motor may 
be set multistageously to have a plurality of values such as 
0, N, 2N, 3N, and nN (in which n is an arbitrary number), 
so that one of the values is selected by the control circuit 

10 portion to thereby control the motor . When the rotational speed 
is controlled multistageously in this manner, efficiency in 
generation of compressed air can be improved compared with the 
related-art on/off control. 

The invention may provide an air compressor including 

15 a tank portion for reserving compressed air used in a pneumatic 
tool, a compressed air generation portion for generating 
compressed air and supplying the compressed air to the tank 
portion, a drive portion having a motor for driving the 
compressed air generation portion, and a control circuit portion 

20 for controlling the drive portion, wherein: the air compressor 
further includes a temperature sensor for detecting the 
temperature of the motor of the drive portion; and the rotational 
speed of the motor is controlled multistageously on the basis 
of a detection signal output from the temperature sensor. 

25 The air compressor according to the invention may further 
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includes a pressure sensor for detecting pressure of compressed 
air in the tank portion, wherein the rotational speed of the 
motor is controlled multistageously on the basis of detection 
signals output from the temperature sensor and the pressure 
5 sensor. 

The air compressor according to. the invention may further 
includes a voltage detection circuit for detecting a 
power-supply voltage of the drive portion, and a current 
detection circuit for detecting a load current of the drive 

10 portion, wherein the rotational speed of the motor is controlled 
multistageously on the basis of the detection signal output 
from the temperature sensor and a detection signal output from 
at least one of the voltage detection circuit and the current 
detection circuit . 

15 In the air compressor according to the invention, the 

rotational speed of the motor may be controlled in at least 
three stages of high speed, middle speed and low speed. 

The invention may provide an air compressor including 
a tank portion for reserving compressed air used in a pneumatic 

20 tool, a compressed air generation portion for generating 

compressed air and supplying the compressed air to the tank 
portion, a drive portion having a motor for driving the 
compressed air generation portion, and a control circuit portion 
for controlling the drive portion, wherein: the air compressor 

25 further includes a pressure sensor for detecting pressure of 
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the compressed air reserved in the tank portion; and the rate 
API/ ATI of change API in internal pressure of the tank portion 
to a relatively short time ATI and the rate AP2/AT2 of change 
AP2 in internal pressure of the tank portion to a time AT2 longer 
5 than the time ATI are calculated on the basis of detection signals 
output from the pressure sensor so that the rotational speed 
of the motor multistageously is controlled on the basis of at 
least one of the two pressure change rates. 

The air compressor according to the invention may further 
10 includes a temperature sensor for detecting the temperature 
of the motor, wherein the rotational speed of the motor is 
controlled multistageously on the basis of the two pressure 
change rates and a detection signal output from the temperature 
sensor . 

15 The air compressor according to the invention may further 

includes a voltage sensor for detecting a power-supply voltage 
of the drive portion, and a current sensor for detecting a load 
current of the drive portion, wherein the rotational speed of 
the motor is controlled multistageously on the basis of the 

20 two pressure change rates and at least one of detection signals 
output from the voltage sensor and the current sensor. 

Other features of the invention will be understood more 
clearly from the following description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention may be more readily described with 
reference to the accompanying drawings: 

Fig. 1 is a conceptual diagram showing first to third 
5 embodiments of air compressors according to the invention. 

Fig. 2 is a top view showing the first embodiment of the 
air compressor according to the invention. 

Fig. 3 is a circuit diagram showing first to third 
embodiments of motor drive circuits in the air compressors 
10 according to the invention. 

Fig. 4 is a flow chart showing a first embodiment of a 
program used for controlling the air compressor according to 
the invention . 

Fig. 5 is a graph for explaining a rotational speed 
15 transition judgment table used for controlling the air 
compressor according to the invention. 

Fig. 6 is a graph for explaining a rotational speed 
transition judgment table used for controlling the air 
compressor according to the invention. 
20 Fig. 7 is a graph for explaining a rotational speed 

transition judgment table used for controlling the air 
compressor according to the invention. 

Fig. 8 is a graph for explaining a rotational speed 
transition judgment table used for controlling the air 
25 compressor according to the invention. 
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Fig, 9 is a graph of a pressure change curve for explaining 
the operation of a related-art air compressor. 

Fig. 10 is a graph of a pressure change curve for explaining 
the operation of the air compressor according to the invention. 
5 Fig. 11 is a graph of a pressure change curve for explaining 

the operation of the air compressor according to the invention. 

Fig. 12 is a graph of a pressure change curve for explaining 
the operation of the air compressor according to the invention. 

Fig . 13 is a graph of a pressure change curve for explaining 
10 the operation of the air compressor according to the invention. 

Fig. 14 is a flow chart showing a second embodiment of 
a program used for controlling the air compressor according 
to the invention. 

Fig. 15 is a flow chart showing another example of the 
15 second embodiment of the program used for controlling the air 
compressor according to the invention. 

Fig. 16 is a flow chart showing a third embodiment of 
a program used for controlling the air compressor according 
to the invention. 
20 Fig. 17 is a graph of a pressure change curve for explaining 

the operation of the air compressor according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The First Preferred Embodiment - 
25 A first preferred embodiment of the invention will be 
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described below in detail. 

Fig. 1 is a conceptual view of an air compressor according 
to the invention. As shown in Fig . 1, the air compressor includes 
a tank portion 10 for reserving compressed air, a compressed 
5 air generation portion 20 for generating compressed air, a drive 
portion 30 for driving the compressed air generation portion 
20, and a control circuit portion 40 for controlling the drive 
portion 30. 
(1) Tank Portion 10 

10 As shown in Fig. 2, the tank portion 10 includes an air 

tank 10A for reserving high-pressure compressed air. For 
example, 20 kg/cm 2 to 30 kg/cm 2 of high-pressure compressed air 
are supplied to the air tank 10A through a pipe 21 connected 
to an outlet port of a compressor portion 20A. 

15 The air tank 10A is generally provided with a plurality 

of compressed air output ports 18 and 19. In this embodiment, 
there is shown an example in which an output port 18 for taking 
out low-pressure compressed air and an output port 19 for taking 
out high-pressure compressed air are attached to the air tank 

20 10A. It is a matter of course that the invention is not limited 
to this example. 

The low-pressure compressed air output port 18 is 
connected to a low-pressure coupler 14 through a 
pressure-reducing valve 12 . Themaximumpressure of compressed 

25 air on the outlet side of the pressure-reducing valve 12 is 
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decided regardless of the pressure of compressed air on the 
inlet side of the pressure-reducing valve 12. In this 
embodiment, the maximum pressure is set at a predetermined value 
in a range of from 7 kg/cm 2 to 10 kg/cm 2 . Accordingly , compressed 
5 air having a pressure of not higher than the maximum pressure 
can be obtained from the outlet side of the pressure-reducing 
valve 12 regardless of the pressure in the air tank 10A. 

Compressed air on the outlet side of the pressure-reducing 
valve 12 is supplied to a low-pressure pneumatic tool 51 shown 

10 in Fig. 1, through the low-pressure coupler 14. 

On the other hand, the high-pressure compressed air output 
port 19 is connected to a high-pressure coupler 15 through a 
pressure-reducing valve 13 . Themaximumpressure of compressed 
air on the outlet side of the pressure-reducing valve 13 is 

15 decided regardless of the pressure of compressed air on the 
inlet side of the pressure-reducing valve 13. In this 
embodiment, themaximumpressure is set at a predetermined value 
in a range of from 10 kg/cm 2 to 30 kg/cm 2 . Accordingly, 
compressed air having a pressure of not higher than the maximum 

20 pressure can be obtained from the outlet side of the 

pressure-reducing valve 13. Compressed air on the outlet side 
of the pressure-reducing valve 13 is supplied to a high-pressure 
pneumatic tool 52 shown in Fig. 1, through the high-pressure 
coupler 15. 

25 A low-pressure pressure gauge 16 and a high-pressure 
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pressure gauge 17 are formed to be attached to the 
pressure-reducing valves 12 and 13 respectively so that the 
pressure of compressed air on the outlet side of each of the 
pressure-reducing valves 12 and 13 can be monitored. The 
5 low-pressure coupler 14 and the high-pressure coupler 15 are 
formed so as to be incompatible with each other because of 
difference in size, so that the high-pressure pneumatic tool 
52 cannot be connected to the low-pressure coupler 14 while 
the low-pressure pneumatic tool 51 cannot be connected to the 

10 high-pressure coupler 15. Such a configuration has been 
already proposed in JP-A-4-296505 applied by the present 
applicant of the invention. 

A pressure sensor 11 is attached to a portion of the air 
tank 10A so that the pressure of compressed air in the tank 

15 10A is detected by the pressure sensor 11. A detection signal 
output from the pressure sensor 11 is supplied to the control 
circuit portion 40 and used for controlling a motor which will 
be described later. A safety valve 10B is attached to a portion 
of the air tank 10A so that part of air is leaked out of the 

20 air tank 10A through the safety valve 10B to guarantee safety 
when the pressure in the air tank 10A is extraordinarily high. 
(2) Compressed Air Generation Portion 20 

The compressed air generation portion 20 reciprocates 
a piston in a cylinder to compress air sucked in the cylinder 

25 through an inlet valve of the cylinder to thereby generate 
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compressed air. The compressor per se is known. For example, 
JP-A-11-280653 applied by the applicant of the invention has 
disclosed a mechanism for transmitting the rotation of a motor 
to an output shaft through a pinion provided at a front end 
5 of a rotor shaft and a gear engaged with the pinion to move 
the output shaft to thereby reciprocate a piston. 

When thepistonmakes reciprocatingmotion in the cylinder, 
air sucked in through the inlet valve provided in a cylinder 
head is compressed. When the pressure of compressed air reaches 
10 a predetermined value, compressed air is obtained from an outlet 
valve provided in the cylinder head. The compressed air is 
supplied to the air tank 10A through the pipe 21 shown in Fig. 
2. 

(3) Drive Portion 30 

15 The drive portion 30 generates drive force for 

reciprocating the piston. As shown in Fig. 3, the drive portion 
30 includes a motor 33, a motor drive circuit 32, and a power 
supply circuit 31 . The power supply circuit 31 has a rectifier 
circuit 313 for rectifying the voltage of a 100 V AC source 

20 310, and a smoothing/boosting/constant-voltage circuit 314 for 
smoothing, boosting and regulating the rectified voltage into 
a constant voltage. 

The power supply circuit 31 is also provided with a voltage 
detector 311 for detecting the voltage between opposite ends 

25 of the AC source 310 and a current detector 312 for detecting 
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the current flowing in the AC source 310, if necessary. Signals 
output from the detectors 311 and 312 are supplied to the control 
circuit portion 40 which will be described later. Although 
the detectors 311 and 312 are used for controlling the motor 
5 33 to rotate at a super-high speed, for example, in such a very 
short time that a circuit breaker (not shown) of the AC source 
310 is not operated, detailed description of the detectors 311 
and 312 will be omitted because the detectors 311 and 312 are 
not directly concerned with controlling in this embodiment. 

10 Although the control circuit portion 40 is also concerned with 
the constant-voltage circuit 314 for obtaining a constant 
voltage, detailed description of the constant-voltage circuit 
314 will be omitted because the configuration of the 
constant-voltage circuit 314 per se is commonly known. 

15 The motor drive circuit 32 has switching transistors 321 

to 326 for generating a three-phase pulse voltage of U phase, 
V phase and W phase from a DC voltage. The transistors 321 
to 32 6 are controlled to be switched on/of f by the control circuit 
portion 40. The frequency of a pulse signal supplied to each 

20 of the transistors 321 to 326 is controlled to thereby control 
the rotational speed of the motor. 

As an example, the rotational speed N of the motor 33 
is set multistageously to be integral multiples nRof a reference 
value R, such as 0 rpm, 1200 rpm, 2400 rpm and 3600 rpm. The 

25 motor 33 is controlled to be driven at a rotational speed selected 
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from these values. 

Diodes are connected in parallel with the switching 
transistors 321 to 326 respectively. The diodes are provided 
for preventing the transistors 321 to 326 from being destroyed 
5 by counter electromotive force generated in a stator 33A of 
the motor 33, 

The motor 33 has a stator 33A, and a rotor 33B. U-phase, 
V-phase and W-phase coils 331, 332 and 333 are formed in the 
stator 33A. A rotating magnetic field is formed on the basis 

10 of electric currents flowing in these coils 331 to 333. 

In this embodiment, the rotor 33B is made of a permanent 
magnet . The rotor 33B is rotated by the rotating magnetic field 
formed on the basis of electric currents flowing in these coils 
331 to 333 of the stator 33A. The rotating force of the rotor 

15 33B serves as drive force for operating the piston of the 
compressed air generation portion 20 (Fig. 1) . 

The motor 33 is provided with a temperature detection 
circuit 334 for detecting the coil temperature of the stator 
33A. A detection signal output from the temperature detection 

20 circuit 334 is supplied to the control circuit portion 40. The 
motor 33 is also provided with a rotational speed detection 
circuit 335 for detecting the rotational speed of the rotor 
33B, if necessary. A detection signal output from the 
rotational speed detection circuit 335 is supplied to the control 

25 circuit portion 40. 



16 



(4) Control Circuit Portion 40 

As shown in Fig. 1, the control circuit portion 40 includes 
a central processing unit (hereinafter abbreviated to CPU) 41, 
a random access memory (hereinafter abbreviated to RAM) 42, 
5 and a read-only memory (hereinafter abbreviated to ROM) 43. 

A detection signal output from the pressure sensor 11 
and a detection signal output from the temperature detection 
circuit 334 are supplied to the CPU 41 through interface circuits 
(hereinafter abbreviated to I/F circuits ) 4 4 and 4 5 respectively. 
10 A command signal output from the CPU 41 is supplied to the motor 
drive circuit 32 of the drive portion 30 through the I/F circuit 
45 to thereby control the switching transistors 321 to 326 (Fig. 
3) . 

A motor control program as shown in Fig. 4 is stored in 
15 the ROM 43. The RAM 42 is used for temporarily storing data 
and calculation results necessary for execution of the program. 

(5) Control Program 

Fig. 4 is a flow chart of the program stored in the ROM 
43 of the control circuit portion 40 in the invention. 

20 In step 100 in Fig. 4, initialization is performed so 

that the rotational speed of the motor 33 is set at N2 (2400 
rpm) . In next step 101, when step 109 requests the rotational 
speed to change as will be described later, the changed 
rotational speed is retrieved from tables stored in the RAM 

25 42 of the control circuit portion 40 and the set value is changed. 



This embodiment shows an example in which the rotational speed 
N of the motor 33 is controlled in four stages, that is, NO, 
Nl, N2 and N3 . The rotational speed N of the motor 33 can be 
controlled to have each value of NO = 0 rpm, Nl = 1200 rpm, 
N2 = 2400 rpm and N3 « 3600 rpm. It is a matter of course that 
the invention is not limited to the specific example. The 
rotational speed N can be controlled multistageously . The 
values of NO, Nl, N2 and N3 can be set optionally. 

In step 102, the pressure P(t) of compressed air in the 
air tank 10A is detected by the pressure sensor 11 (Fig. 2) . 
The pressure P(t) is suitably A/D-converted in the control 
circuit portion 40 and stored in a region in the RAM 42. 

In next step 103, a judgment is made as to whether the 
pressure P in the tank 10A is higher than 30 kg/cm 2 or not. 
When the pressure P in the tank 10A is higher than 30 kg/cm 2 , 
the current position of the program goes to step 104 in which 
themotor 33 is controlled to stop its rotation. That is, because 
this embodiment is designed so that the pressure in the air 
tank 10A is controlled to be kept in a range of from 26 kg/cm 2 
to 30 kg/cm 2 , the rotation of the motor 33 is stopped to interrupt 
the operation of the compressed air generation portion 20 when 
the pressure in the air tank 10A is higher than 30 kg/cm 2 . 

When the pressure P in the air tank 10A is not higher 
than 30 kg/cm 2 , the current position of the program goes to 
step 105 in which a judgment is made as to whether the time 
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of 5 sec (AT = 5 sec) has passed from the point of time of 
measurement of P(t) or not. This is not only for the purpose 
of detecting the pressure in the air tank 10A but also for the 
purpose of detecting the rate AP/AT of pressure change. When 
the time AT = 5 sec has passed, the pressure P(t + AT) in the 
tank 10A is detected again and the detected value is stored 
in the RAM 42 of the control circuit portion 40. 

in step 107, the rate AP/AT of pressure change is calculated 
in the control circuit portion 40. That is, because this 
embodiment shows the case where the time AT is set at 5 sec, 
the difference AP = P( t+ AT, - P(t ) between the tank pressure 
P(t) at a point of time t and the tank pressure P(t + AT) after 
the passage of AT is calculated, and then the rate AP/AT is 
calculated. Although this embodiment shows the case where the 
time AT is set at 5 sec because the pressure in the tank 10A 
generally changes slowly, the value of AT can be suitably 
selected in accordance with the installation place and 
sensitivity of the pressure sensor 11. 

in next step 108, a rotational speed transition judgment 
20 table is selected. Four kinds of rotational speed transition 
judgment tables as shown in Figs. 5, 6, 7 and 8 are stored in 
the RAM 42 of the control circuit portion 40 in advance. When 
the current rotational speed N of the motor 33 is the initial 
value N2 (= 2400 rpm) , the table shown in Fig. 5 is selected. 
25 When the current rotational speed N of the motor 33 is N3 (= 
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3600 rpm) , the table shown in Fig. 6 is selected. When the 
current rotational speed N of the motor 33 is Nl, the table 
shown in Fig. 7 is selected. Similarly, when the current 
rotational speed N of the motor 33 is NO, the table shown in 
5 Fig. 8 is selected. In each of the tables, tank pressure P 
is taken in the vertical axis and pressure change rate AP/AT 
of the tank pressure is taken in the horizontal axis, so that 
each table is used for deciding the rotational speed of the 
motor 33 on the basis of the values of P and AP/AT. 

10 Referring to Fig. 5 by way of example, when the tank 

pressure P is higher than 30 kg/cm 2 , the rotational speed is 
set at NO regardless of the value of AP/AT. That is, the motor 
is stopped. This is natural because the tank pressure is 
controlled to be always kept in a range of from 2 6 kg/cm 2 to 

15 30 kg/cm 2 . 

Because the fact that the pressure change rate AP/AT has 
a minus value means the fact that the amount of spent compressed 
air is larger than the amount of compressed air supplied to 
the tank 10A, controlling is made so that the current rotational 

20 speed N2 (= 2400 rpm) of the motor 33 is switched over to a 
higher value N3 (= 3600 rpm) . Particularly in the case where 
the pneumatic tools 51 and 52 (Fig. 1) are operated fully, there 
is the possibility that the pressure in the tank 10A may be 
lowered rapidly because a large amount of compressed air is 

25 spent. In this case, therefore, when AP/AT is not larger than 



20 



-1 kg/cm 2 /sec / the rotational speed is switched over to N3 
immediately if the tank pressure P is 30 kg/cm 2 . However, when 
the pressure change rate AP/AT is relatively small to be in 
a range of from -1 kg/cm 2 /sec to 0 kg/cm 2 /sec / the motor 33 is 
5 operated continuously at the rotational speed of N2 while the 
pressure P in the tank 10A is not lower than 26 kg/cm 2 , and 
the rotational speed of the motor 33 is switched over to N3 
when the pressure P in the tank 10A is reduced to be lower than 
2 6 kg/cm 2 . On the other hand, when AP/AT is in a range of from 

10 0 kg/cm 2 /sec to +0.1 kg/cm 2 /sec / that is, when the amount of 
supplied compressed air is slightly larger than the amount of 
spent compressed air, the motor 33 is operated continuously 
at the rotational speed of N2 while the pressure P in the tank 
10A is not lower than 20 kg/cm 2 , and the rotational speed of 

15 the motor 33 is switched over to N3 when the pressure P in the 
tank 10A is reduced to be lower than 2 0 kg/cm 2 . 

When the value of AP/AT is in a range of from + 0 . 1 kg/cm 2 /sec 
to +0.15 kg/cm 2 /sec, that is, when the amount of compressed 
air in the tank 10A is increasing, the motor 33 is operated 

20 continuously at the rotational speed of N2 while the tank 
pressure P is not lower than 10 kg/cm 2 , and the rotational speed 
of the motor 33 is switched over to N3 when the tank pressure 
P is reduced to be lower than 10 kg/cm 2 . When AP/AT is increased 
to be in a range of from +0.15 kg/cm 2 /sec to +0.3 kg/cm 2 /sec, 

25 the rotational speed of the motor 33 is controlled to be reduced 
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from the current value N2 to Nl if the tank pressure is not 
lower than 10 kg/cm 2 because rapid increase in the tank pressure 
P is predicted. 

Although the description has been made on the case where 
5 the rotational speed of the motor 33 currently operating is 
N2 and to be changed to NO, N3 or Nl, controlling is made so 
that the rotational speed is changed on the basis of a different 
pattern as shown in Fig. 6, 7 or 8 when the current rotational 
speed is N3, Nl or NO. 

10 Ref erringback to Fig . 4, instep!09, the selected judgment 

table is searched to decide the rotational speed of the motor 
33 on the basis of P(t+AT) and AP/AT. The decided rotational 
speed is stored in the RAM 42 in the step 101 so as to be used 
for controlling the motor 33. 

15 (6) Operation 

The operation of the apparatus according to the invention 
will be described below. 

Fig. 9 shows curves of change in the tank pressure P in 
the case where the rotational speed is not changed. For example, 

20 this shows a state in which there is no pneumatic tool used. 
In Fig. 9, the curve a expresses change in the tank pressure 
P in the case where the motor 33 is rotated at 3600 rpm, the 
curve b expresses change in the tank pressure P in the case 
where the motor 33 is rotated at 24 00 rpm, and the curve c expresses 

25 change in the tank pressure P in the case where the motor 33 
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is rotated at 1200 rpm. Assume now that the set value of the 
rotational speed is 2400 rpm. When the motor is switched on, 
the tank pressure first increases according to the curve b. 
When a time of about 3 minutes has passed, the tank pressure 
5 P reaches 30 kg/cm 2 and the operation of the motor stops. If 
the motor is left as it is, the amount of compressed air in 
the tank is reduced little by little because of air leakage. 
When the tank pressure P is reduced to 2 6 kg/cm 2 because of 
the air leakage, the operation of the motor restarts. In the 

10 case of the curve a or c, the same on/off control operation 
is carried out so that the motor is switched off at the tank 
pressure P of 30 kg/cm 2 and switched on at the tank pressure 
P of 2 6 kg/cm 2 . 

Figs. 10 to 13 are graphs for explaining rotational speed 

15 transition in the case where the rotational speed is controlled 
multistageously according to the invention. Fig. 10 shows the 
case where the rotational speed N of the motor operating at 
3600 rpm is changed to another rotational speed. Similarly, 
each of Figs. 11, 12 and 13 shows the case where the rotational 

20 speed N is changed from 2400 rpm, 1200 rpm or 0 rpm to another 
rotational speed. 

Referring to Fig. 11 by way of example, when the tank 
pressure P changes according to the curve a in a time T of 5 
sec, that is, when the tank pressure P reaches 30 kg/cm 2 , the 

25 rotational speed N2 (2400 rpm) is switched over to NO (0 rpm) . 
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On the other hand, when the tank pressure increases slowly 
according to the curve b so that a very small amount of air 
is spent , the rotational speed N2 is switched over to Nl (1200 
rpm) so that the rate of increase in the pressure P is low. 
5 When change in the tank pressure in the time T of 5 sec 

is very low as shown in the curve c so that a small amount of 
air is spent, the rotational speed is kept at N2 so that the 
pressure P is kept in a very low change state. 

When a large amount of air is spent in the time T of 5 

10 sec as shown in the curve d so that the tank pressure P is reduced 
rapidly, the rotational speed N2 is switched over to N3 (3600 
rpm) so that the rate of decrease in the pressure P is relaxed 
greatly. Although the detailed description of the other cases 
shown in Figs. 10, 12 and 13 will be omitted, the rotational 

15 speed is changed in accordance with the amount of spent air 
in the time T of 5 sec, that is, in accordance with the pressure 
change rate in the same manner as in the case of Fig. 11. 
Accordingly, even in the case where the amount of spent air 
varies widely every moment, rapid increase/decrease in the tank 

20 pressure can be suppressed. 

As is obvious from the above description, the air 
compressor according to the invention is configured so that 
the motor is controlled on the basis of the rotational speed 
set multistageously on the basis of both the pressure of 

25 compressed air in the air tank and the rate of change in the 
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compressed air. In this manner, the operation of the motor 
can be controlled while the amount of spent air is predicted 
in accordance with the load on the air compressor as well as 
the tank pressure is kept in a predetermined range . Accordingly, 
the air compressor easy to handle can be provided because the 
tank pressure is prevented from being reduced extremely. In 
addition, the time when the motor can be operated in a state 
of low rotational speed is prolonged because compressed air 
can be generated efficiently in accordance with the state of 
load. Accordingly, the air compressor low in noise compared 
with the related art can be provided. 

- The Second Preferred Embodiment - 

A second preferred embodiment of the invention will be 
described below in detail. 

In this second embodiment, elements common with those of 
the first embodiment will be referred by the same references 
and the explanations for the common elements will be omitted. 

The air compressor according to the second embodiment 
is broadly the same as that of the first embodiment shown in 
Figs. 1-3, but different in the configuration of control program 
stored in the ROM 43 of the control circuit portion 40. 
Hereinbelow, the configuration of the control program according 
to the second embodiment and an operation of the apparatus based 
on the control program will be described. 
(5') Control Program 
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Fig. 14 is a flow chart showing a second embodiment of 
the program stored in the ROM 43 of the control circuit portion 
40 in the invention. 

In step 1101 in Fig. 14, initialization is performed so 
5 that the rotational speed of the motor 33 is set at N2 (2400 
rpm) . In next step 1104, rotational speed data used for 
controlling the air compressor according to the invention is 
stored. This embodiment shows an example in which the 
rotational speed N of the motor 33 is controlled in four stages, 

10 that is, NO, Nl, N2 and N3 . The rotational speed N of the motor 
33 can be controlled to have each value of NO = 0 rpm, Nl = 
1200 rpm, N2 = 2400 rpm and N3 = 3600 rpm. It is a matter of 
course that the invention is not limited to the specific example . 
The rotational speed N can be controlled multistageously . The 

15 values of NO, Nl, N2 and N3 can be set optionally. 

In step 1105, the pressure P(T) of compressed air in the 
air tank 10A is detected by the pressure sensor 11 (Fig. 2) . 
The pressure P(T) is suitably A/D-converted in the control 
circuit portion 40 and stored in a region in the RAM 42. 

20 In next step 1106, a judgment is made as to whether the 

pressure P in the tank 10A is higher than 30 kg/cm 2 or not. 
When the pressure P in the tank 10A is higher than 30 kg/cm 2 , 
the current position of the program goes to step 1107 in which 
themotor 33 is controlled to stopits rotation. That is, because 

25 this embodiment is designed so that the pressure in the air 
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tank 10A is controlled to be kept in a range of from 26 kg/cm 2 
to 30 kg/cm 2 , the rotation of the motor 33 is stopped to interrupt 
the operation of the compressed air generation portion 20 when 
the pressure in the air tank 10A is higher than 30 kg/cm 2 . 
5 When the pressure P in the air tank 10A is not higher 

than 30 kg/cm 2 , the current position of the program goes to 
step 1112 in which a judgment is made as to whether the time 
of 5 sec (AT = 5 sec) has passed from the point of time of 
measurement of P(T) or not. This is not only for the purpose 

10 of detecting the pressure in the air tank 10A but also for the 
purpose of detecting the rate AP/AT of pressure change. When 
the time AT = 5 sec has passed, the pressure P(T+AT) in the 
tank 10A is detected again and the detected value is stored 
in the RAM 42 of the control circuit portion 40. 

15 In step 1113, the rate AP/AT of pressure change is 

calculated in the control circuit portion 40. That is, because 
this embodiment shows the case where the time AT is set at 5 
sec, the difference AP = P(T+AT) -P(T) between the tank pressure 
P(T) at a point of time T and the tank pressure P(T+AT) after 

20 the passage of AT is calculated, and then the rate AP/AT is 
calculated. Although this embodiment shows the case where the 
time AT is set at 5 sec because the pressure in the tank 10A 
generally changes slowly, the value of AT can be suitably 
selected in accordance with the installation place and 

25 sensitivity of the pressure sensor 11. 
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In next step 1114, a rotational speed transition judgment 
table is selected. Four kinds of rotational speed transition 
tables as shown in Figs. 5, 6, 7 and 8 are stored in the RAM 
42 of the control circuit portion 40 in advance . When the current 
rotational speed N of the motor 33 is the initial value N2 ( = 
2400 rpm) , the table shown in Fig. 5 is selected. When the 
current rotational speed N of the motor 33 is N3 (= 3600 rpm) , 
the table shown in Fig. 6 is selected. When the current 
rotational speed N of the motor 33 is Nl, the table shown in 
Fig. 7 is selected. Similarly, when the current rotational 
speed N of the motor 33 is NO, the table shown in Fig. 8 is 
selected. In each of the tables, tank pressure P is taken in 
the vertical axis and pressure change rate AP/AT of the tank 
pressure is taken in the horizontal axis, so that each table 
is used for deciding the rotational speed of the motor 33 on 
the basis of the values of P and AP/AT. 

Referring to Fig. 5 by way of example, when the tank 
pressure P is higher than 30 kg/cm 2 , the rotational speed is 
set at NO regardless of the value of AP/AT. That is, the motor 
is stopped. This is natural because the tank pressure is 
controlled to be always kept in a range of from 2 6 kg/cm 2 to 
30 kg/cm 2 . 

Because the fact that the pressure change rate AP/AT has 
a minus value means the fact that the amount of spent compressed 
air is larger than the amount of compressed air supplied to 
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the tank 10A, controlling is made so that the current rotational 
speed N2 {= 2400 rpiti) of the motor 33 is switched over to a 
higher value N3 (= 3600 rpm) . Particularly in the case where 
the pneumatic tools 51 and 52 (Fig. 1) are operated fully, there 
5 is the possibility that the pressure in the tank 10A may be 
lowered rapidly because a large amount of compressed air is 
spent. In this case, therefore, when AP/AT is not larger than 
-1 kg/cm 2 /sec / the rotational speed is switched over to N3 
immediately if the tank pressure P is 30 kg/cm 2 . However, when 

10 the pressure change rate AP/AT is relatively small to be in 
a range of from -1 kg/cm 2 /sec to 0 kg/cm 2 /sec, the motor 33 is 
operated continuously at the rotational speed of N2 while the 
pressure P in the tank 10A is not lower than 2 6 kg/cm 2 , and 
the rotational speed of the motor 33 is switched over to N3 

15 when the pressure P in the tank 10A is reduced to be lower than 
2 6 kg/cm 2 . On the other hand, when AP/AT is in a range of from 
0 kg/cm 2 /sec to +0.1 kg/cm 2 /sec, that is, when the amount of 
supplied compressed air is slightly larger than the amount of 
spent compressed air, the motor 33 is operated continuously 

20 at the rotational speed of N2 while the pressure P in the tank 
10A is not lower than 20 kg/cm 2 , and the rotational speed of 
the motor 33 is switched over to N3 when the pressure P in the 
tank 10A is reduced to be lower than 2 0 kg/cm 2 . 

When the value of AP/AT is in a range of from + 0 . 1 kg/cm 2 /sec 

25 to +0.15 kg/cmVsec, that is, when the amount of compressed 
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air in the tank 10A is increasing, the motor 33 is operated 
continuously at the rotational speed of N2 while the tank 
pressure P is not lower than 10 kg/cm 2 , and the rotational speed 
of the motor 33 is switched over to N3 when the tank pressure 
P is reduced to be lower than 10 kg/cm 2 . When AP/AT is increased 
to be in a range of from +0.15 kg/cm 2 /sec to +0.3 kg/cm 2 /sec / 
the rotational speed of the motor 33 is controlled to be reduced 
from the current value N2 to Nl if the tank pressure is not 
lower than 10 kg/cm 2 because rapid increase in the tank pressure 
P is predicted. 

Although the description has been made on the case where 
the rotational speed of the motor 33 currently operating is 
N2 and to be changed to NO, N3 or Nl, controlling is made so 
that the rotational speed is changed on the basis of a different 
pattern as shown in Fig. 6, 7 or 8 when the current rotational 
speed is N3, Nl or NO. 

Referring back to Fig. 14, in step 1115, the selected 
judgment table is searched to decide the rotational speed of 
the motor 33 on the basis of P(T+AT) and AP/AT. 

In step 1116, a judgment is made as to whether the 
rotational speed N selected in the step 1115 is N3 (= 3600 rpm) 
or not. When the judgment results in YES, the current position 
of the program goes to step 1121 in which the temperature t 
of the motor 33 is measured. That is, even in the case where 
the judgment from the rotational speed transition judgment table 
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is that the rotational speed of the motor 33 needs to be a high 
speed value N3, a decision can be made on the basis of the 
temperature of the motor 33 as to whether N3 must be selected 
finally or not. Although the temperature of the motor coils 
331 to 333 is generally measured as the motor temperature t, 
the invention is not limited thereto. 

In next step 1122, a judgment is made as to whether the 
measured temperature t is higher than a predetermined value 
or not. Although this embodiment shows the case where the 
predetermined value is set at 120°C, the invention is not limited 
thereto. When the judgment in the step 1122 results in NO, 
the rotational speed N of the motor 33 is set at a high value 
N3 (= 3600 rpm) (in step 1123) because the temperature of the 
motor 33 is not higher than 120°C so that a decision is made 
that the rotational speed of the motor can be increased without 
any obstacle. On the other hand, when the judgment in the step 
1122 results in YES, the rotational speed N of the motor 33 
is set at a middle value N2 (= 2400 rpm) (in step 1124) because 
a decision is made that the efficiency of the air compressor 
will be lowered because of excessive increase in the temperature 
of the motor 33 when the rotational speed of the motor 33 is 
increased. 

In this manner, the overheating of the motor 33 can be 
prevented because the rotational speed of the motor 33 is 
controlled not only on the basis of the change in tank pressure 
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but also on the basis of the detected motor temperature, 
especially, the detected motor coil temperature. 

Another example of the program for controlling the air. 
compressor according to the second embodiment will be described 
5 below with reference to Fig. 15. 

First in step 1101, initialization is performed so that 
the rotational speed N of the motor 33 is set at N2 = 2400 rpm 
in the same manner as in Fig. 4. In this embodiment, a short 
cycle ATI of 0.05 sec and a long cycle AT2 of 5 sec are used 

10 as two kinds of sampling cycles AT in which a signal detected 
by the pressure sensor 11 of the air tank 10A can be taken in 
the control circuit portion 40 . That is, change in tankpressure 
on the basis of the difference between P ( i-1 ) andP(i) isdetected 
at intervals of 0.05 sec while change in tank pressure on the 

15 basis of the difference between P (i=0) andP(i=100) isdetected 
at intervals of 5 sec on the assumption of i = 0, 1 N 2, 3, 
100. Although this embodiment shows the case where the short 
cycle is set at 0.05 sec, it is a matter of course that the 
invention need not be limited to this numerical value because 

20 the short cycle is set for detecting ripples of tank pressure 
generated when a nailing machine (or the like) spending a large 
amount of air in a cycle operates and because the short cycle 
depends on a pneumatic tool used. Similarly, the long cycle 
need not be limited to 5 sec because the long cycle is set for 

25 detecting tank pressure change due to the use of a pneumatic 
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tool . 

Then, the current position of the program goes to step 
. 1104 in which data of rotational speed used for controlling 
the air compressor according to the invention are stored. In 
5 this embodiment, the values of NO, Nl, N2 and N3 are stored 
in a suitable region of the RAM 42 because this embodiment is 
designed so that the rotational speed N of the motor 33 is 
controlled in four stages of NO (= 0 rpm) , Nl (= 1200 rpm) , 
N2 (= 2400 rpm) and N3 (= 3600 rpm) . Although it is easy to 
10 set the rotational speed of the motor 33 more multistageously, 
it is preferable that the number of stages is at least three. 

Then, the current position of the program goes to step 
1105 in which the pressure P(i) of compressed air in the tank 
10A is measured and stored. In step 1106, a judgment is made 
15 as to whether the measured pressure P (i) is higher than 30 kg/cm 2 
or not. When the judgment results in YES, the current position 
of the program goes to step 1107 in which the rotational speed 
N of the motor 33 is set at NO (0 rpm) . That is, because this 
embodiment is designed so that the pressure in the tank 10A 
20 is controlled to be kept in ~a range of from 20 kg/cm 2 to 30 
kg/cm 2 , the rotation of the motor 33 is stopped when the tank 
pressure is higher than 30 kg/cm 2 . 

When the judgment in the step 1106 results in NO, the 
current position of the program goes to step 1108 in which (i + 1) 
25 is substituted for (i) . Then, in step 1109, the tank pressure 



P(i) is measured and the value of P(i) is stored together with 
P(i-l) . Further, in step 1110, the CPU 41 calculates the rate 
API/ ATI (= {P(i) - P(i-l) }/0.05) of pressure change API to the 
short cycle ATI. 
5 Further, in step 1111, a judgment is made as to whether 

the pressure change rate API/ATI in the short cycle is smaller 
than a predetermined value or not. This judgment is equivalent 
to a judgment as to whether or not a pneumatic tool connected 
to the air tank 10A operates in a state such as a continuous 

10 nailing state in which a large amount of air needs to be spent 
in a short time. In this embodiment, the predetermined value 
is set at -1. When continuous nailing is performed, the tank 
pressure pulsates to intensify ripples of the pressure change. 
When reduction of API in ATI is larger than (-1) (i.e., API/ATI 

15 < -1), the current position of the program goes to step 1125 
because a decision is made on the basis of the amplitude of 
the ripples that the pneumatic tool is used in a state such 
as a continuous nailing state. 

In the step 1125, the voltage E of the AC source 310 in 

20 the power supply circuit 31 (Fig. 3) is detected by the detector 
311. Further, in step 1126, a judgment is made as to whether 
the value of E is lower than a predetermined value or not. In 
this embodiment, the predetermined value is set at 90 V. That 
is, when a large amount of air is spent by the pneumatic tool, 

25 it is preferable that the rotational speed of the motor 33 is 
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increased immediately to increase the amount of compressed air 
generated. When, for example, another pneumatic tool is 
connected to the tank 10A, there is however the possibility 
that the load on the AC source 310 may become so high that a 
5 circuit breaker (not shown) for the power supply circuit 31 
(Fig. 3) operates. In order to avoid this disadvantage, the 
judgment in the step 1126 is made as to whether the value of 
the power-supply voltage E is lower than a predetermined value 
(90 V) or not. When the judgment in the step 1126 results in 

10 YES, that is, when the power-supply voltage ordinarily equal 
to 100 V is reduced to a value of not higher than 90 V, the 
rotational speed N of the motor 33 is kept at N2 (= 2400 rpm) 
because a decision is made that the load on the AC source 310 
due to the use of the other pneumatic tool is considerably high. 

15 When the voltage of the AC source 310 is not lower than 

90 V, the current position of the program goes to step 1127 
in which a current I flowing in the power supply circuit 31 
is detected by the current detector 312. Then, in step 1128, 
a judgment is made as to whether the measured current I is larger 

20 than a predetermined value or not. In this embodiment, the 
predetermined value is set at 30 A. When this judgment results 
in YES, the current position of the program still goes to step 
1132 because a decision is made that there is the possibility 
that the circuit breaker of the AC source 310 may operate if 

25 the rotational speed N of the motor 33 is increased from the 
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current rotational speed value. In step 1132, the rotational 
speed of the motor 33 is kept at N2 (= 2400 rpm) . 

When the judgment in the step 1128 results in NO, the 
current position of the program goes to step 1129 in which the 
5 coil temperature t of the stator 331 in the motor 33 is measured. 
Further, in step 1130, a judgment is made as to whether the 
coil temperature t is higher than a predetermined value or not. 
In this embodiment, the predetermined value is set at 120°C. 
If the rotational speed of the motor 33 is increased more in 

10 the condition that the motor coil temperature t is not lower 
than 120°C, there is the possibility that excessive increase 
in the motor coil temperature t may result in an obstacle to 
the operation of the motor, and there is the possibility that 
the excessive rise in temperature may cause remarkable reduction 

15 in compressed air generating efficiency of the compressed air 
generation portion 20. Therefore, when the judgment in the 
step 1130 results in YES, the current position of the program 
still goes to step 1132 in which the rotational speed N of the 
motor 33 is kept at N2 (= 2400 rpm) . 

20 When the judgment in the step 1130 results in NO, the 

current position of the program goes to step 1131 in which the 
rotational speed N of the motor 33 is set at N3 (= 3600 rpm) . 

In next step 1133, i is reset to zero. In step 1134, 
a judgment is made as to whether the pressure P(i) in the tank 

25 10A is higher than 30 kg/cm 2 or not . When this judgment results 
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in YES, the current position of the program goes back to the 
step 1107 in which the rotation of the motor 33 is stopped. 
When the judgment in the step 1134 results in NO, the current 
position of the program goes to step 1135 in which an arithmetic 
5 operation for substituting i+1 for i is carried out. Then, 
in step 1136, a judgment is made as to whether i reaches 100 
or not, that is, whether the time of 5 sec has passed or not. 
When this judgment results in YES, i is replaced by i=0 (step 
1102) and the current position of the program goes back to the 
10 step 1104. The steps 1134 to 1136 are provided for controlling 
the rotational speed of the motor 33 to be kept constant for 
5 sec in order to prevent a sense of discomfort from being given 
when the rotational speed of the motor 33 is changed at intervals 
of 0.05 sec. 

15 On the other hand, when the judgment in the step 1111 

results in NO, that is, when the tank pressure change rate in 
the short cycle (0.05 sec) is not smaller than the predetermined 
value, the current position of the program goes to step 1112 
in which a judgment is made as to whether the time AT2 (= 5 

20 sec) has passed or not. When this judgment results in NO, the 
current position of the program goes back to the step 1106. 
When this judgment results in YES, the current position of the 
program goes to step 1113 in which the pressure change rate 
AP2/AT2 ( = {P(i=100) - P(i=0)}/5) in the long cycle (5 sec) 

25 is calculated. 
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In next step 1114, a rotational speed transition judgment 
table is selected. The description of the steps 1114 to 1116 
will be omitted because the steps 1114 to 1116 are equivalent 
to those in the embodiment shown in Fig . 14 . When the rotational 
5 speed N consequently selected is N3 (= 3600 rpm) (in step 1116) , 
next steps 1117 to 1122 are executed to judge whether the 
power-supply voltage E is lower than 90 V or not, whether the 
load current I is larger than 30 A or not, and whether the motor 
coil temperature t is higher than 120°C or not. The detailed 

10 description of the steps 1117 to 1122 will be omitted because 
the steps 1117 to 1122 are functionally equivalent to the steps 
1125 to 1130. In short, the steps 1117 to 1122 show a flow 
chart for preventing the operation of the circuit breaker (not 
shown) of the AC source and preventing the overheating of the 

15 motor 33. 

When the judgments in the steps 1117 to 1122 make a decision 
that the operation of the circuit breaker and the overheating 
of the motor canbe prevented even in the case where the rotational 
speed N of the motor 33 is switched over to the highest value 
20 of 3600 rpm, the current position of the program goes to step 

1123 in which the rational speed N of the motor 33 is set at 
N3 (= 3600 rpm) . On the other hand, when the conditions are 
not satisfied, the current position of the program goes to step 

1124 in which the rotational speed N of the motor 33 is kept 
25 at N2. That is, in the invention, controlling is made so that 
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the rotational speed of the motor 33 is increased to N3 when 
both the pressure change rate in the short cycle (0.05 sec) 
and the pressure change rate in the long cycle (5 sec) are so 
high that high air consumption is predicted, but the rotational 
5 speed of the motor 33 is kept at N2 when the load on the motor 
33 is so considerably heavy that there is the possibility that 
the breaker may be operated or the motor coil temperature may 
increase excessively . 

As is obvious from the above description, in accordance 

10 with the invention, an air compressor for controlling the 
rotational speed of a motor multistageously on the basis of 
the pressure in a tank is provided so that the motor is rotated 
not at a high speed but a middle speed when the temperature 
of the motor is not lower than a predetermined value. 

15 Accordingly, lowering of efficiency caused by overheating of 
the motor can be prevented. 

The air compressor has detection circuits for detecting 
a power-supply voltage and a load current of a power supply 
circuit for the motor. The air compressor is configured so 

20 that the motor is not rotated at a high speed when the power-supply 
voltage is lower than a predetermined value or the load current 
is larger than a predetermined value. Accordingly, both 
excessive increase in motor coil temperature and operation of 
a circuit breaker of an AC source can be prevented. 

25 - The Third Preferred Embodiment - 



A third preferred embodiment of the invention will be 
described below in detail. 

In this third embodiment, elements common with those of 
the first embodiment will be referred by the same references 
5 and the explanations for the common elements will be omitted. 

The air compressor according to the third embodiment is 
broadly the same as that of the first embodiment shown in Figs. 
1-3, but different in the configuration of control program stored 
in the ROM 43 of the control circuit portion 40. Hereinbelow, 
10 the configuration of the control program according to the second 
embodiment and an operation of the apparatus based on the control 
program will be described. 
(5") Control Program 

Fig . 1 6 is a flow chart showing an embodiment of the program 
15 stored in the ROM 43 of the control circuit portion 40 in the 
invention. 

First in step 2101, initialization is performed so that 
the rotational speed N of the motor 33 is set at N2 = 2400 rpm. 
A short cycle ATI of 0.05 sec and a long cycle AT2 of 5 sec 

20 are used as two kinds of sampling cycles AT in which a signal 
detected by the pressure sensor 11 of the air tank 10A can be 
taken in the control circuit portion 40. That is, change in 
tank pressure on the basis of the difference between P(i-l) 
and P(i) is detected at intervals of 0.05 sec while change in 

25 tank pressure on the basis of the difference between P(i=0) 
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and P (i=100) is detected at intervals of 5 sec on the assumption 
of i = 0, 1> 2, 3, 100, Although this embodiment shows the 
case where the short cycle is set at 0.05 sec, it is a matter 
of course that the invention neednot be limited to this numerical 
5 value because the short cycle is set for detecting ripples of 
tank pressure generated when a nailing machine (or the like) 
spending a large amount of air in a cycle operates and because 
the short cycle depends on a pneumatic tool used. Similarly, 
the long cycle need not be limited to 5 sec because the long 
10 cycle is set for detecting tank pressure change due to the use 
of a pneumatic tool. 

Then, the current position of the program goes to step 

104 in which data of rotational speed used for controlling the 
air compressor according to the invention are stored. In this 

15 embodiment, the values of NO, Nl, N2 and N3 are stored in a 
suitable region of the RAM 42 because this embodiment is designed 
so that the rotational speed N of the motor 33 is controlled 
in four stages of NO (= 0 rpm) , Nl (= 1200 rpm) , N2 (= 2400 
rpm) and N3 (= 3600 rpm) . Although it is easy to set the 

20 rotational speed of the motor 33 more multistageously, it is 
preferable that the number of stages is at least three. 

Then, the current position of the program goes to step 

105 in which the pressure P(i) of compressed air in the tank 
10A is measured and stored. In step 2106, a judgment is made 

25 as to whether the measured pressure P (i) is higher than 30 kg/cm 2 
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or not. When the judgment results in YES, the current position 
of the program goes to step 2107 in which the rotational speed 
N of the motor 33 is set at NO (0 rpm) . That is, because this 
embodiment is designed so that the pressure in the tank 10A 
is controlled to be kept in a range of from 20 kg/cm 2 to 30 
kg/cm 2 , the rotation of the motor 33 is stopped when the tank 
pressure is higher than 30 kg/cm 2 . 

When the judgment in the step 2106 results in NO, the 
current position of the program goes to step 2108 in which (i+1) 
is substituted for (i) . Then, in step 2109, the tank pressure 
P(i) is measured and the value of P(i) is stored together with 
P(i-l) . Further, in step 2110, the CPU 41 calculates the rate 
API/ATI (= {P(i) - P(i-l) }/0.05) of pressure change API to the 
short cycle ATI . 

Further, in step 2111, a judgment is made as to whether 
the pressure change rate API/ATI in the short cycle is smaller 
than a predetermined value or not . This judgment is equivalent 
to a judgment as to whether or not a pneumatic tool connected 
to the air tank 10A operates in a state such as a continuous 
nailing state in which a large amount of air needs to be spent 
in a short time. In this embodiment, the predetermined value 
is set at -1 . When continuous nailing is performed, the tank 
pressure pulsates to intensify ripples of the pressure change. 
When reduction of API in ATI is larger than (-1) (i.e., API/ATI 
< -1), the current position of the program goes to step 2125 
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because a decision is made on the basis of the amplitude of 
the ripples that the pneumatic tool is used in a state such 
as a continuous nailing state. 

In the step 2125, the voltage E of the AC source 310 in 
5 the power supply circuit 31 (Fig. 3) is detected by the detector 
311. Further, in step 2126, a judgment is made as to whether 
the value of E is lower than a predetermined value or not. In 
this embodiment, the predetermined value is set at 90 V. That 
is, when a large amount of air is spent by the pneumatic tool, 

10 it is preferable that the rotational speed of the motor 33 is 
increased immediately to increase the amount of compressed air 
generated. When, for example, another pneumatic tool is 
connected to the tank 10A, there is however the possibility 
that the load on the AC source 310 may become so high that a 

15 circuit breaker (not shown) for the power supply circuit 31 
(Fig. 3) operates. In order to avoid this disadvantage, the 
judgment in the step 2126 is made as to whether the value of 
the power-supply voltage E is lower than a predetermined value 
(90 V) or not. When the judgment in the step 2126 results in 

20 YES, that is, when the power-supply voltage ordinarily equal 
to 100 V is reduced to a value of not higher than 90 V, the 
rotational speed N of the motor 33 is kept at N2 (= 2400 rpm) 
because a decision is made that the load on the AC source 310 
due to the use of the other pneumatic tool is considerably high. 

25 When the voltage of the AC source 310 is not lower than 
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90 V, the current position of the program goes to step 2127 
in which a load current I flowing in the power supply circuit 
31 is detected by the current detector 312 . Then, in step 2128, 
a judgment is made as to whether the measured current I is larger 
5 than a predetermined value or not. In this embodiment, the 
predetermined value is set at 30 A. When this judgment results 
in YES, the current position of the program still goes to step 
2132 because a decision is made that there is the possibility 
that the coil temperature of the motor 33 may increase 

10 excessively or the circuit breaker of the AC source 310 may 
operate if the rotational speed N of the motor 33 is increased 
from the current rotational speed value. In step 2132, the 
rotational speed of the motor 33 is kept at N2 (= 2400 rpm) . 
When the judgment in the step 2128 results in NO, the 

15 current position of the program goes to step 2129 in which the 
coil temperature t of the stator 331 in the motor 33 is measured. 
Further, in step 2130, a judgment is made as to whether the 
coil temperature t is higher than a predetermined value or not. 
In this embodiment, the predetermined value is set at 120°C. 

20 Although this embodiment shows the case where the coil 

temperature t of the motor 33 is measured, the temperature of 
another place may be measured. If the rotational speed of the 
motor 33 is increased more in the condition that the motor coil 
temperature t is not lower than 120°C, there is the possibility 

25 that excessive increase in the motor coil temperature t may 
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result in an obstacle to the operation of the motor, and there 
is the possibility that the excessive rise in temperature may 
cause remarkable reduction in compressed air generating 
efficiency of the compressed air generation portion 20. 
5 Therefore, when the judgment in the step 2130 results in YES, 
the current position of the program still goes to step 2132 
in which the rotational speed N of the motor 33 is kept at N2 
(= 2400 rpm) . 

When the judgment in the step 2130 results in NO, the 

10 current position of the program goes to step 2131 in which the 
rotational speed N of the motor 33 is set at N3 (= 3600 rpm) . 

In next step 2133, i is reset to zero. In step 2134, 
a judgment is made as to whether the pressure P(i) in the tank 
10A is higher than 30 kg/cm 2 or not . When this judgment results 

15 in YES, the current position of the program goes back to the 
step 2107 in which the rotation of the motor 33 is stopped. 
When the judgment in the step 2134 results in NO, the current 
position of the program goes to step 2135 in which an arithmetic 
operation for substituting i+1 for i is carried out. Then, 

20 in step 2136, a judgment is made as to whether i reaches 100 
or not, that is, whether the time of 5 sec has passed or not. 
When this judgment results in YES, i is replaced by i=0 (step 
102) and the current position of the program goes back to the 
step 2104. The steps 2134 to 2136 are provided for controlling 

25 the rotational speed of the motor 33 to be kept constant for 
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5 sec in order to prevent a sense of discomfort from being given 
when the rotational speed of the motor 33 is changed at intervals 
of 0.05 sec. 

On the other hand, when the judgment in the step 2111 
5 results in NO, that is, when the tank pressure change rate in 
the short cycle (0.05 sec) is not smaller than the predetermined 
value, the current position of the program goes to step 2112 
in which a judgment is made as to whether the time AT2 (= 5 
sec) has passed or not. When this judgment results in NO, the 
10 current position of the program goes back to the step 2106. 
When this judgment results in YES, the current position of the 
program goes to step 2113 in which the pressure change rate 
AP2/AT2 (= {P(i=100) - P(i=0)}/5) in the long cycle (5 sec) 
is calculated. 

15 In next step 2114, a rotational speed transition judgment 

table is selected. Four kinds of rotational speed transition 
judgment tables as shown in Figs. 5, 6, 7 and 8 are stored in 
the RAM 42 of the control circuit portion 40 in advance. When 
the current rotational speed N of the motor 33 is the initial 

20 value N2 (= 2400 rpm) , the table shown in Fig. 5 is selected. 
When the current rotational speed N of the motor 33 is N3 ( = 
3600 rpm), the table shown in Fig. 6 is selected. When the 
current rotational speed N of the motor 33 is Nl, the table 
shown in Fig. 7 is selected. Similarly, when the current 

25 rotational speed N of the motor 33 is NO, the table shown in 
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Fig. 8 is selected. In each of the tables, tank pressure P 
is taken in the vertical axis and pressure change rate AP/AT 
of the tank pressure is taken in the horizontal axis, so that 
each table is used for deciding the rotational speed of the 
5 motor 33 on the basis of the values of P and AP/AT. 

Referring to Fig. 5 by way of example, when the tank 
pressure P is higher than 30 kg/cm 2 , the rotational speed is 
set at NO regardless of the value of AP/AT. That is, the motor 
is stopped. This is natural because the tank pressure is 
10 controlled to be always kept in a range of from 2 6 kg/cm 2 to 
30 kg/ cm 2 . 

Because the fact that the pressure change rate AP/AT has 
a minus value means the fact that the amount of spent compressed 
air is larger than the amount of compressed air supplied to 

15 the tank 10A, controlling is made so that the current rotational 
speed N2 (= 2400 rpm) of the motor 33 is switched over to a 
higher value N3 (= 3600 rpm) . Particularly in the case where 
the pneumatic tools 51 and 52 (Fig. 1) are operated fully, there 
is the possibility that the pressure in the tank 10A may be 

20 lowered rapidly because a large amount of compressed air is 
spent. In this case, therefore, when AP/AT is not larger than 
-1 kg/cm 2 /sec, the rotational speed is switched over to N3 
immediately if the tank pressure P is 30 kg/cm 2 . However, when 
the pressure change rate AP/AT is relatively small to be in 

25 a range of from -1 kg/cm 2 /sec to 0 kg/cm 2 /sec, the motor 33 is 
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operated continuously at the rotational speed of N2 while the 
pressure P in the tank 10A is not lower than 26 kg/cm 2 , and 
the rotational speed of the motor 33 is switched over to N3 
when the pressure P in the tank 10A is reduced to be lower than 
5 26 kg/cm 2 . On the other hand, when AP/AT is in a range of from 
0 kg/cm 2 /sec to +0.1 kg/cm 2 /sec, that is, when the amount of 
supplied compressed air is slightly larger than the amount of 
spent compressed air, the motor 33 is operated continuously 
at the rotational speed of N2 while the pressure P in the tank 

10 10A is not lower than 20 kg/cm 2 , and the rotational speed of 
the motor 33 is switched over to N3 when the pressure P in the 
tank 10A is reduced to be lower than 20 kg/cm 2 . 

When the value of AP/AT is in a range of f rom+0 . 1 kg/cm 2 /sec 
to +0.15 kg/cra 2 /sec, that is, when the amount of compressed 

15 air in the tank 10A is increasing, the motor 33 is operated 
continuously at the rotational speed of N2 while the tank 
pressure P is not lower than 10 kg/cm 2 , and the rotational speed 
of the motor 33 is switched over to N3 when the tank pressure 
P is reduced to be lower than 10 kg/cm 2 . When AP/AT is increased 

20 to be in a range of from +0.15 kg/cm 2 /sec to +0.3 kg/cm 2 /sec, 
the rotational speed of the motor 33 is controlled to be reduced 
from the current value N2 to Nl if the tank pressure is not 
lower than 10 kg/cm 2 because rapid increase in the tank pressure 
P is predicted. 

25 Although the description has been made on the case where 



the rotational speed of the motor 33 currently operating is 
N2 and to be changed to NO, N3 or Nl, controlling is made so 
that the rotational speed is changed on the basis of a different 
pattern as shown in Fig. 6, 7 or 8 when the current rotational 
5 speed is N3, Nl or NO. 

In next step 2115, the selected table is searched to decide 
the next rotational speed of the motor 33 on the basis of the 
tankpressure P (i=100) after the passage of 5 sec and the pressure 
change rate AP2/AT2 in the time AT2 of 5 sec . When the rotational 

10 speed N consequently selected is N3 (= 3600 rpm) (step 2116), 
the rotational speed is not immediately switched over to N3 
but next steps 2117 to 2122 are executed to judge whether the 
power-supply voltage E is lower than 90 V or not, whether the 
load current I is larger than 30 A or not, and whether the motor 

15 coil temperature t is higher than 120°C or not. The detailed 
description of the steps 2117 to 2122 will be omitted because 
the steps 2117 to 2122 are functionally equivalent to the steps 
2125 to 2130. In short, the steps 2117 to 2122 show a flow 
chart for preventing the operation of the circuit breaker (not 

20 shown) of the AC source and preventing the overheating of the 
motor 33. 

When the judgments in the steps 2117 to 2122 make a decision 
that the operation of the circuit breaker and the overheating 
of the motor 33 can be prevented even in the case where the 
25 rotational speed N of the motor 33 is switched over to the highest 
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value of 3600 rpm, the current position of the program goes 
to step 2123 in which the motor speed N is set at N3 (= 3600 
rpm) . On the other hand, when the conditions are not satisfied, 
the current position of the program goes to step 2124 in which 
5 the rotational speed N of the motor 33 is kept at N2 . That 
is, in the invention, controlling is made so that the rotational 
speed of the motor 33 is increased to N3 when both the pressure 
change rate in the short cycle (0.05 sec) and the pressure change 
rate in the long cycle (5 sec) are so high that high air consumption 
10 is predicted, but the rotational speed of the motor 33 is kept 
at N2 when the load on the motor 33 is so considerably heavy 
that there is the possibility that the circuit breaker may be 
operated or the motor coil temperature may increase excessively, 
(6" ) Operation 

15 The operation of the air compressor according to the 

invention will be described below with reference to Fig. 17. 

In the graph shown in Fig. 17, time is taken as the 
horizontal axis, and pressure of compressed air in the tank 
is taken as the vertical axis. The curves a and b show the 

20 case where ripples of the tank pressure are not detected, that 
is, the case where controlling is made on the basis of the pressure 
change rate in the long cycle (5 sec) but controlling is not 
made on the basis of the pressure change rate in the short cycle 
(0.05 sec) . The curves a' and b' show the case where ripples 

25 of the tank pressure are detected, that is, the case where 
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controlling is made on the basis of the two pressure change 
rates . 

The curve a shows the tank pressure P of 29 kg/cm 2 before 
the time T=0. That is, the curve a shows a state in which the 
5 motor 33 stops before the time T=0 in the condition that there 
is no compressed air consumption. When, for example, 
continuous nailing due to a nailing machine starts at the time 
T=0, the tankpressure is reduced rapidly while pulsatingbecause 
a large amount of air is spent. At the time T=5 (sec), the 

10 pressure change rate AP2/AT2 in the cycle of 5 sec is calculated. 
Because the rate AP2/AT2 is -1.7, a middle rotational speed 
N2 = 2400 rpm is selected from the rotational speed transition 
judgment table. Accordingly, the motor is rotated at a 
rotational speed of NO in a period of from T=0 (sec) to T=5 

15 (sec) and at a rotational speed of N2 after T=5 (sec) . 

The curve a' shows the case where ripples (API/ATI) are 
detected. Before the time T=0, the tank pressure P is 29 kg/cm 2 
and the motor 33 stops. When continuous nailing starts at the 
time T=0, the tank pressure is first reduced while pulsating 

20 in the same manner as in the case of the curve a. The pressure 
change rate (API/ATI) of ripples is however calculated after 
the passage of ATI = 0.05 sec. Because the rate API/ATI is 
-5 (< -1), the ripples are judged to be large. Because the 
power-supply voltage E is not lower than 90 V, the load current 

25 I is not larger than 30 A and the motor coil temperature t is 
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not higher than 120°C / the rotational speed shifts to a high 
value N3 = 3600 rpm immediately. Accordingly, the motor 33 
is rotated at a high speed of N3 = 3600 rpm after the passage 
of ATI = 0.05 sec . Consequently, reduction in the tank pressure 
is suppressed as shown in the curve a' , so that the tank pressure 
is kept about 2 9 kg/cm 2 . 

On the other hand, the curve b shows the tank pressure 
P of not higher than 26 kg/cm 2 before the time T=0. That is, 
the curve b shows a state in which the motor 33 is rotated at 
a middle speed of N2 = 2400 rpm to increase the tank pressure 
P slowly before the time T=0 in the condition that there is 
no compressed air consumption. In this state, when continuous 
nailing starts at T=0, the tank pressure P is reduced while 
pulsating. After the passage of 5 sec, the pressure change 
rate AP2/AT2 is calculated. Because the rate AP2/AT2 is -0.9, 
N3 = 3600 rpm is selected from the rotational speed transition 
judgment table. Accordingly, the motor 33 is rotated at. a middle 
speed of N2 = 2400 rpm before T=5 (sec) and the rotational speed 
is switched over to a high rotational speed of N3 = 3600 rpm 
after T=5 (sec) . The tank pressure is however reduced 
considerably in the period of 5 sec. 

On the other hand, the curve b' also shows the tank pressure 
P of not higher than 26 kg/cm 2 before the time T=0. That is, 
the curve b' shows a state in which the motor 33 is rotated 
at a middle speed of N2 = 2400 rpm before the time T=0 in the 
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condition that there is no compressed air consumption. 
Continuous nailing starts at T=0. In this case, ripples 
(API/ ATI ) are detected. Accordingly, the pressure change rate 
API/ ATI is calculated after the passage of ATI = 0.05 sec. 
5 Because the rate API/ATI is -4 (< -1), ripples are judged to 
be large. Because the power-supply voltage E is not lower than 
90 V, the load current I is not larger than 30 A and the motor 
coil temperature t is not higher than 120°C, the rotational 
speed shifts to a high value N3 = 3600 rpm immediately after 

10 the passage of ATI = 0.05 sec. Accordingly, reduction in the 
tank pressure is suppressed compared with the curve b, so that 
the tank pressure level after continuous nailing can be kept 
substantially equal to the tank pressure level at T=0. 

As is obvious from the above description, the air 

15 compressor according to the invention is configured so that 
the rotational speed of the motor is set multistageously, and 
that the pressure change rate in the short cycle, for example, 
of about 0 . 05 sec and the pressure change rate in the long cycle, 
for example, of about 5 sec are calculated on the basis of the 

20 detection signals output from the pressure sensor of the air 
tank so that the rotational speed of the motor is controlled 
on the basis of the two pressure change rates. Accordingly, 
when only air due to air leakage is spent because the air 
compressor is in a standby state, or when a small amount of 

25 air is spent because a small-size pneumatic tacker or the like 



53 



is used, the motor can be rotated at a lower speed to reduce 
noise . 

On the other hand, when a large amount of air is spent 
in a short time because continuous nailing is made by a large-size 
nailing machine, the rotational speed of the motor can be shifted 
to a high value immediately to suppress reduction in the tank 
pressure. Accordingly, even in the case where nails for 
concrete or large-diameter nails for wood need to be driven 
continuously, the frequency of "shallownailing" can be reduced. 
Even in the case where nailing is performed shallowly, the 
''shallow nailing" time can be shortened extremely. 

In addition, when the rotational speed of the motor is 
shifted to a high value because large ripples of the tank pressure 
are detected, the motor is controlled so that the rotational 
speed of the motor is kept for at least a predetermined time 
(e.g., 5 sec) . Accordingly, the rotational speed of the motor 
can be prevented from being changed frequently in a short time, 
so that the sense of discomfort can be reduced. 
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